The primary goal of our study was to examine the agreement between the resting energy expenditure (REE) obtained by indirect calorimetry and the initial estimated energy expenditure (EEE) obtained by a nutritionist's assessment. The secondary goal of our study was to examine factors that might contribute to the observed relationship between REE and EEE.
Results:
Our primary analysis demonstrated a statistically significant difference between REE and EEE (median difference = 259 kcal/day; IQR = 114-458 kcal/day, P = 0.00). Our secondary analysis identified three factors that were independently associated with this observed difference: the patient's age, heart rate, and tidal volume setting on the mechanical ventilator. Fifty-seven percent of the observed variability in the difference between REE and EEE was shown to be associated with those three covariates (P <
Introduction
Meeting the nutritional needs of pediatric intensive care patients has long been recognized as an important adjunct to minimize or prevent complications and improve outcomes. [1] [2] [3] [4] [5] [6] [7] When energy expenditure estimates do not accurately approximate energy requirements, the patient may be at risk for overfeeding, which can lead to a myriad of complications, including impaired glucose homeostasis, lipid disorders, hepatic steatosis, and increased risk for infection. 8 The ability to assess energy expenditure can be difficult, especially in pediatric intensive care patients who require mechanical ventilatory support. 4, [9] [10] [11] [12] [13] [14] [15] [16] In such settings, nutritionists use a combination of set equations often involving stress and growth factors to indirectly determine a patient's estimated energy expenditure (EEE).
Indirect calorimetry (IC) can also be used to provide a real-time look at patients' metabolic activity to identify the resting energy expenditure (REE). A patient's nutritional regimen is frequently designed according to the values obtained (EEE and REE); however, these values often differ. [16] [17] [18] The primary goal of our study was to examine the agreement between the REE obtained by IC and the initial EEE obtained by the nutritional assessment. The secondary goal of our study was to examine factors that might contribute to the observed relationship between REE and EEE.
Methods

Research Subjects
During the period between April 2011 and February 2014, a total of 171 patients admitted to the pediatric intensive care unit (PICU) at C. S. Mott
Children's Hospital and Von Voigtlander Women's
Hospital were assessed by a nutritionist and tested using an indirect calorimeter, the Vmax Encore System (CareFusion Corp, San Diego, California). 19 Of these 171 patients, 108 were retained for our analysis, following the exclusion criteria displayed in Figure 1 . Patients were selected for this study solely based on their requirement for PICU support, regardless of their age, and the request for IC. This study was reviewed and approved by the [20] [21] [22] [23] The EEE value obtained by these equations was often multiplied by a factor ranging from 0.6 to 1.45 at the discretion of the nutritionist to account for stress and growth factors.
Indirect calorimetry was performed at the request of the attending physician following the nutritionist's estimate of the patient's energy expenditure.
If the physician sought multiple IC tests-which is not uncommon, seeing that REE likely varies from day to day and as a patient's condition improves or declines-only the value from the initial test was results. 24 The first 5 minutes were discarded to allow for patient stabilization; a 10-minute average following stabilization was used to calculate the REE. The results obtained representing "steady state" were extrapolated in order to predict energy expenditure over a period of 24 hours; this methodology was validated in previous studies. [25] [26] The respiratory therapy staff, all of whom were trained on the operation and calibration of the IC cart, attempted to perform the test while the patient was not being stimulated nor experiencing changes in mechanical ventilation approximately 45 minutes prior to and during testing. The data for the REE and respiratory quotient were collected from the Vmax Encore at the completion of the test.
Information regarding the patient's mechanical 
Statistical Analysis
Descriptive statistics were used to identify the distribution of the data in our study population. The Based on the data collected for our observational study, the lag time between the estimated assessment and the measured assessment was noted to be as great as 7 days. The relative percentage of the study population and the associated lag time between the nutritional assessment and measurement of the REE by IC was as follows: 0 days (11%), 1 day (20%), 2 days (16%), 3 days (11%), 4 days (19%), 5 days (8%), 6 days (8%), and 7 days (7%). The subset population (N = 34, 31% of the study population) that we focused on to perform additional analysis was limited to a lag time of 1 calendar day or less to decrease patient condition variance. Table 1 identifies the patient-specific characteristics for the study population based on the 2 study cohorts. A Pearson product-moment correlation showed a statistically significant correlation between the REE and EEE for our study population (N = 108, R = 0.802, P ≤ 0.001). The REE trended lower than the EEE values ( Figure 2 ). The median difference between the REE and the EEE was 259 kcal/day with an IQR of -458 to -114 kcal/day. Table 2 displays factors that were associated with the observed difference between the REE and EEE. Of the 12 covariates tested in our linear regression analysis, we identified 3 that were independently associated with the observed difference. Those 3 covariates were age, heart rate, and tidal volume (p = 0.028, p = 0.000, and p = 0.044, respectively). Our analysis demonstrates that 57% of the observed variability is associated with these 3 covariates (P < 0.05; R 2 = 0.565). Factors not associated included weight, BMI, severity scores (PRISM III), vital signs (temperature, systolic blood pressure, diastolic blood pressure), and mechanical ventilator settings (FiO 2 , frequency, PEEP).
Results
Conclusion
Through the past several decades, the use of IC has consistently shown a differing estimation in energy expenditure from a variety of equations in both pediatric and adult populations. 11, 20, [27] [28] [29] These equations have been the focus of many validation studies, with no single equation showing complete universality; however, situation-specific equations have been shown to be reliable. 9, 11, 15, 17, [27] [28] [29] [30] While IC is the preferred method of energy estimation for its higher degree of accuracy, it remains costly in terms of time, equipment, and the need for specially trained personnel. 27, [31] [32] [33] We believe that further testing with IC can be used to identify factors that contribute to the observed difference between current nutritional equations and IC.
Identification of these factors may allow for the adaptation of more detailed and accurate nutritional assessment equations.
Unique to our study, one of our goals was to examine specific factors that may influence the observed difference between measured and predicted REE. To begin with, we found no previous literature that tested for specific factors to explain the discrepancy between estimated and measured energy expenditure in PICU populations; however, others have speculated on sources of discrepancies. 16, 20, 28, 34 In our study, we attempted to take into account more specific metabolic factors during testing;
we found 3 factors that contributed to 57% of the discrepancies between the equation estimate and IC. An array of other researchers also discuss the equations in question having been formed through validating one specific population, while the extrapolation to other populations is inaccurate. 20, 28, 34 Currently, there are no equations that take race into account when estimating energy, which may be of consequence. 34 In order to better adapt the current plethora of nutrition equations to a higher accuracy, a great amount of individual patient factors should be taken into account. We observed a number of factors, as seen in Table 2 over-or underestimation is likely to be more prevalent in one individual compared to another, leading to variation among EEE values. We made no effort to limit nutritional assessment to an individual nutritionists, as the 19 clinicians involved represent real-world conditions at our institution.
We also acknowledge a final limitation of our study being that neither the individual's race nor his or her sedation level was taken into account, affecting the resting energy state of our population. 34, 35 Our study demonstrates that a statistically 
